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An important area of modern biology consists in understanding the relationship between 
genotype and phenotype. However, to understand this relationship it is essential to investigate 
one of the principal links between them: the proteome. With the development of recent mass-
spectrometry approaches it is now possible to quantify entire proteomes and thus relate them to 
different phenotypes. Here we present a comparison of the proteome of two extreme 
developmental states in the well-established model organism Drosophila melanogaster: adult and 
embryo. Protein modules such as ribosome, proteasome, tricarboxylic acid cycle, glycolysis or 
oxidative phosphorylation were found differentially expressed between the two developmental 
stages. Analysis of post-translation modifications of the proteins identified in this study indicates 
that they generally follow the same trend as their corresponding protein. Comparison between 
changes in the proteome and the transcriptome highlighted patterns of post-transcriptional 
regulation for the subunits of protein complexes such as the ribosome and the proteasome, 
whereas protein from modules such as TCA cycle, glycolysis and oxidative phosphorylation seem 
to be co-regulated at the transcriptional level. Finally, the impact of the endosymbiont Wolbachia 








Proteins are responsible for most of the enzymatic reactions and the structural organization of 
cells and organisms 1,2. It is now clear that different physiological state or stresses can affect the 
expression of specific proteins 3–5. Although it is well known that the genome is largely stable 
across the life of an organism, the deployment of the proteome remains elusive 6–8. Although 
many studies have linked molecular markers with particular phenotypes, notably through the 
identification of quantitative trait locus (QTL) 6,9, few have investigated changes in the proteome 
between, for example, different developmental states 10–13 and the relation between phenotype 
and proteome is still not well-defined 6,8. To monitor changes in the proteome between two very 
different developmental states of an organism, quantitative mass-spectrometry is a particularly 
suitable method 6. Recent MS approaches based on Data Independent Acquisition (DIA) methods, 
such as SWATH-MS, combine deep proteome coverage with ions selectivity similar to targeted 
proteomics, resulting in precise quantification of a large number of proteins 6,14. With its small size 
and short life cycle, features that allow large cohorts of individuals to be rapidly collected, 
Drosophila melanogaster is a model organism particularly well-suited to study development and 
aging 15. After egg laying each individual goes through a complete phenotypic metamorphosis 
within a few days, going through embryogenesis, larval life, metamorphosis in the pupa and the 
emergence of an adult in less than 9 days 15. However, little information is known about the 
evolution of the proteome during this time and more particularly how different it can be between 
the two extremes of Drosophila melanogaster development, the embryo and the adult fly. 
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In the present study, we used the model organism Drosophila melanogaster to compare the 
proteome of two extreme phenotypic states, the embryo and the adult fly. The comparison of 
these two developmental states is of particular interest because it able to highlight features of 
terminally differentiated (adult) or differentiating (embryo) states of an organism. In addition, due 
to the comprehensive work of the modENCODE initiative, large data sets are available for RNA 
levels across different Drosophila melanogaster developmental states 16. In addition to 
development, we also wished to determine whether quantitative differences in the proteome 
elicited by infection could be detected and to this end examined flies with and without the 
endosymbiont bacteria Wolbachia pipientis which is maternally inherited and present in over 60% 
of Drosophila strains 17. 
Using SWATH-MS, we observed large changes in the proteome between embryos and adult flies 
(51% of the proteins quantified were differentially expressed) but no significant modulation of 
protein expression due to the presence of Wolbachia pipientis. The proteins differentially 
expressed between embryos and adult flies belong to protein modules such as ribosome, 
proteasome, protein processing in the ER, spliceosome, tricarboxylic acid (TCA) cycle, glycolysis 
and oxidative phosphorylation. Interestingly, the peptides bearing post-translation modifications 
(PTMs) identified and quantified in our analysis seem to follow the same trend as the 
corresponding protein. Finally, changes in the proteome between embryos and adult flies were 
compared with modENCODE transcriptome data 16, identifying patterns of post-transcriptional 
regulation for subunits of protein complexes including the ribosome, the proteasome and the eIF3 
complex. In contrast, protein from modules such as TCA cycle, glycolysis and oxidative 




MATERIAL AND METHODS 
Drosophila husbandry, collection and protein extraction 
D. melanogaster flies from the sequenced iso-1 strain (Bloomington Stock Centre: y1; Gr22biso-1 
Gr22diso-1 cn1 CG33964iso-1 bw1 sp1; LysCiso-1 MstProxiso-1 GstD5iso-1 Rh61) were kept in a 
12-h light-dark cycle at 25 °C and 75% relative humidity on standard yeast-cornmeal media. 
Embryos were collected from yeasted grape-juice agar plates, dechorionated with 50% bleach, 
washed with water, frozen in liquid nitrogen and kept at -80 °C. Embryos and adult flies samples 
were lysed as described in 18.  
Wolbachia infected and cured D. melanogaster strains were a kind gift from Prof. FM. Jiggins 
(Cambridge, UK). The Wolbachia infection status of fly lines was checked by PCR (Polymerase 
Chain Reaction) using the diagnostic primers wsp81F and wsp691R 19. DNA from flies was 
extracted using microLYSIS- Plus (microzone) according to the manufacturer’s instructions. For 
the Wolbachia-infected lines, the wsp and 16S rRNA genes were amplified by PCR and checked by 
Sanger sequencing: 16Swol-F: 5′-TTGTAGCCTGCTATGGTATAACT-3′; 16SWol-R: 5′-
GAATAGGTATGATTTTCATGT-3′ 20; wsp81-F: 5’-TGGTCCAATAAGTGATGAAGAAAC-3’; wsp691-R: 
5’-AAAAATTAAACGCTACTCCA-3’. 
Five replicates of 50 embryos/adults were performed for each condition. 
 
Sample preparation for mass-spectrometry analysis 
In gel digestion was used as the sample preparation method as described in 21. 
 
Generation of the spectral library 
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The SWATH assay library used in this study is described in 22. Post-translational modifications 
acetyl (N-ter), acetyl (K), GlyGly (K), methyl (KR) and Dimethyl (KR) were added in the MaxQuant 
search as variable modifications to generate the PTMs spectral libraries. 
 
SWATH-MS acquisition 
SWATH-MS data were acquired on a Sciex Triple-TOF 6600 as described in 12. 
 
SWATH-MS data analysis 
Spectronaut 10 (Biognosys) was used to analyse the SWATH data. Default settings were used 
except that a Q-value of 10-5 (corresponding to a FDR of 0.001% at the peptide level) was applied. 
Proteins with at least two peptides were used for quantitative analysis. The Top3 peptides method 
23,24 was used for protein intensity. Up to 6 fragments were selected per peptide. The results were 
imported into R and Microsoft Excel for further analysis. For the comparison between adult and 
embryo, all the embryos samples (infected or not with Wolbachia) were compared to all the adult 
samples (infected or not with Wolbachia). To account for the multiplicity of null hypotheses being 
tested, the p-values from a Welch's t-test were adjusted using the Benjamini-Hochberg procedure 
25. STRING v10.5 26 and FlyMine 27 were used for GO and KEGG analysis and network generation. 
For the comparison between the proteome and the transcriptome, modEncode mRNA expression 
data 16 were downloaded and mRNA expression indexes were calculated for each gene as the 
averaged expression values of all the embryo stages (from 0 to 24 hours after laying) and the 
averaged expression values of all the adult flies samples (head, carcass, digestive system, testes, 
accessory glands, ovaries, for male and female 1, 4, and 20 days post-eclosion). To account for 
possible effects on the dynamic range of abundances proteins or transcripts more statistical 
analysis were performed. To determine if the correlations for different protein modules were 
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different between the transcript and protein level, random sampling experiments were 
performed with the sample size matching the number of genes quantified in each protein module. 
For every protein module, a skew-normal distribution was fitted to the Spearman's rank 
correlation coefficient distribution of 1,000 random samples and the p-value was estimated. This 
type of analysis provides the significance of the correlation for each protein module, at the mRNA 




All the mass spectrometry data have been deposited with the MassIVE repository with the dataset 
identifier: MSV000082812. In addition, a table including the quantitative analysis is provided in 
the supplementary information (Supplementary Table). 
 
Western-Blot analysis 
The antibodies against acetylated lysine (9441) and Rps6 (54D2) were purchased from Cell 
signalling Technology. The antibodies against Rpn8 (sc-390705), Rpt1 (sc-98691) and Histone H3 
(sc-8654) were purchased from Santa Cruz Biotechnology. The antibody against Blw (ATP5a) 
(ab14748) was purchased from Abcam. 
 
 
RESULTS AND DISCUSSION 
SWATH-MS workflow to study the proteome of embryo and adult Drosophila melanogaster 
In order to investigate changes of the proteome between embryo and adult fly, a SWATH-MS 
workflow was used (Figure 1A). SWATH-MS is a reliable MS method with performance at least 
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comparable with Data Dependent Acquisition (DDA) in terms of proteome coverage and precision 
12,22,28. Flies and embryos, infected with Wolbachia pipientis or cured (as confirmed by PCR, Figure 
S1), were lysed, the proteins were digested in gel with trypsin and the peptides were analysed on 
a TripleTOF-6600 (Sciex) in data independent acquisition mode (Figure 1A). The data were 
analysed with Spectronaut 10 (Biognosys) using a spectral library produced from embryo and 
adult fly samples 22 (Figure 1A). Using this workflow 1,533 proteins were quantified with at least 
2 peptides in all the samples. Although the number of proteins quantified seems low compared 
to studies in other organisms 29,30, it is similar to a recent article where SWATH-MS was used to 
monitor the proteome of Drosophila melanogaster 31. The number of proteins quantified is in part 
linked to the depth of coverage of the spectral library used to analyse the data. Indeed, many 
SWATH-MS data with good proteome coverage were performed in organisms where a large 
spectral library is available 32. The median coefficient of variation (CV) observed for proteins 
between four injection replicates was 3% (Figure S2A) with very good linearity between the 
replicates (Figure S2B and C). The median CVs between biological replicates was higher, around 
13% for both embryos and adult flies (Figure 1B and Figure S2A), which is consistent with other 
studies 12,33. Interestingly, the variability across samples was higher (median CV of 45%) than the 
technical and biological variability (Figure S2A). When comparing the samples pairwise, a clear 
difference could be observed between the embryo and adult samples (Figure 1C and Figure S3). 
Indeed, Pearson correlation coefficient between adult or embryo samples were more than 0.9 
whereas they were at best 0.68 between embryo and adult samples (Figure 1C and Figure S3). 
 
Effect of Wolbachia pipientis on the proteome of embryo and adult Drosophila melanogaster 
High Pearson correlation coefficients were observed between samples with or without Wolbachia 
pipientis (Figure 1C, Figure S3 and Figure S4A and B). Hierarchical cluster analysis showed that 
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samples with or without Wolbachia pipientis could not be differentiated with either embryos or 
adult flies (Figure 1D). When investigating the effect of Wolbachia pipientis on the proteomes of 
adult flies or embryos, no significant (FDR = 5%) changes was observed (Figure S4C and Figure S5). 
These results indicate that Wolbachia pipientis does not seem to profoundly affect the proteome 
of Drosophila melanogaster at the whole organism level for the stages examined. However, it is 
important to note that our study covers the most abundant proteins from the whole organism 
and it is possible that the analysis of low abundance proteins and/or tissue specific samples might 
identify differences in protein expression level as demonstrated in another study 34. 
 
Comparison of Drosophila melanogaster embryo and adult proteomes 
Although no significant changes were identified due to the presence of Wolbachia, the proteomes 
of the two different developmental states were dramatically different, with approximately 50% 
of the quantified proteins found to be differentially expressed between stages (Figure 2A). 407 
proteins were significantly enriched in adults (log2 fold change > 1 at a FDR of 1%) and 371 were 
significantly enriched in embryos (log2 fold change < -1 at a FDR of 1%) (Figure 2A). To support our 
SWATH-MS data processing, an analysis was also performed using Skyline 35, and very similar 
results were obtained (Figure S6). 
 
Different expression levels of protein synthesis and degradation machineries and metabolic 
pathways between embryo and adult flies 
In order to identify differentially regulated pathways, a KEGG pathway analysis was performed. 
Protein complexes including the ribosome, proteasome and spliceosome were up regulated in the 
embryo compared to adult flies (Figure 2B and Figure S7A). Proteins involved in RNA transport, 
aminoacyl-tRNA biosynthesis and protein processing in endoplasmic reticulum were also more 
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abundant in the embryo (Figure 2B and Figure S7A). On the other hand, proteins related to 
metabolic pathways such as oxidative phosphorylation, TCA cycle and glycolysis were more 
abundant in adult flies (Figure 2C and Figure S7B). 
Supporting the above observations, when plotting comparative abundances for the two 
developmental stages, protein components of the ribosome, eIF3 and proteasome complexes, all 
appeared to be more abundant in the embryo (Figure 3A-B-C). When plotting proteins involved 
in oxidative phosphorylation, TCA cycle and glycolysis, the same trend was observed in adults, 
with few exceptions, indicating that almost all the proteins of these pathways were more 
abundant in the adults (Figure 3D-E-F and Figure S8). Western-blot validations were performed 
for some of these proteins (Figure 3G) and are in agreement with the SWATH-MS data. 
Interestingly, histone expression was mostly unchanged between embryo and adult fly (Figure 3G 
and Figure S9). 
Overall, these data suggest that protein synthesis and degradation machineries are more highly 
expressed in embryos whereas metabolic pathways are more abundant in adult flies (Figure 2, 3 
and Figure S8). Embryonic development, which lasts around 24 hours, is a process which requires 
dynamic changes in protein expression to progress towards the development of a crawling larva 
10,12. High protein synthesis and degradation are likely to be required to facilitate such a rapid 
modulation of the proteome. Interestingly, an increase in metabolic enzyme mRNA level was 
observed during Drosophila embryogenesis 36 and also in rat 37 and mouse 38, where expression 
was higher in adult compared to embryo.  However, it is not clear why proteins involved in 
oxidative phosphorylation, TCA cycle and glycolysis are more abundant in adult flies compared to 
embryos (Figure 3D-E-F and Figure S8), it is possible that high levels of such proteins might explain 
the higher resistance to anoxia shown by adult flies compared to less differentiated stages  such 




Post-translational modifications follow the same trend as their corresponding proteins 
To analyse post-translational modifications (PTMs), we generated a spectral library which includes 
acetylated, phosphorylated, methylated, dimethylated and ubiquitinated peptides (see Material 
and methods section for more details). 160 modified peptide precursors were quantified in all 
samples with only 2 bearing 2 different modifications (acetylation and phosphorylation) (Figure 
4A and Supplementary Table). The most frequent PTM identified was acetylation (Figure 4A). 
Surprisingly, when the modified peptide fold change was plotted against the corresponding 
protein fold change a clear correlation could be observed (rs = 0.75, Figure 4B). This result 
indicates that, for the proteins and PTMs quantified in our study (which are the most abundant 
proteins from the embryo and adult fly), most PTMs follow the same expression trend as the other 
peptides (modified or not) of the corresponding protein. Thus, it seems unlikely that these 
proteins are differentially post-translationally modified between embryo and adult fly. This was 
most notably observed in the case of histones (Figure 4C-D), for example, the histone H1 N-
terminus acetylated peptide ac-SDSAVATSASPVAAPPATVEK intensity strongly correlates with the 
intensity of the histone H1 protein (rs = 0.91, Figure 4C). In addition, an acetylated lysine western 
blot showed three strong bands at molecular weights corresponding to histones and with similar 
intensities between embryo and adult samples (Figure 4D). When generating the PTMs spectral 
library, acetylated peptides could be identified for histone H1 and H3 (Figure S10A-B). It is well 
known that acetylation of histone is very important for chromatin remodelling and thus 
transcriptional activity, which is essential during embryogenesis as many transcriptional events 
happen during this process 40. Our results (Figure 4C-D) suggest that there are no major 
differences in total histone acetylation between adult flies and embryos, suggesting that 
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modifications of histone acetylation probably happen on discrete sites on chromatin rather than 
global changes of histones acetylation profile during embryogenesis. 
Interestingly, the peptide reporting K48 ubiquitin linkage (peptide with a remnant Gly-Gly linked 
to the lysine 48 of ubiquitin) could be identified and quantified in our data (Figure 4E, Figure S10C 
and Figure S11). This peptide was 2.4 times more abundant in the embryo compared to adult flies 
(p = 7.4E-06) (Figure 4E and Figure S11). This observation is particularly interesting since the K48 
ubiquitin chain is considered to be one of the major signals for protein degradation by the 26S 
proteasome 41,42. The high levels of K48 ubiquitin peptide detected in in embryo samples may be 
indicative of a high level of proteins tagged for proteasomal degradation. We suggest that 
embryos require higher protein degradation capacity as development unfolds as reflected by the 
higher expression of proteasome subunits compared to adults (Figure 2B and Figure 3A and G). 
This result is in agreement with the decrease in proteasome activity observed when human 
embryonic stem cells were differentiated into neurons 43. 
 
Relationship between proteome and transcriptome 
In order to explore the relationship between the transcriptome and the proteome, we used data 
from the modENCODE project 16. When comparing protein and mRNA levels within both 
developmental stages, a positive correlation was observed (Figure S12A and B). The Spearman's 
rank correlation coefficient observed between protein and transcript level in adult flies (rs = 0.63) 
was very similar to that describe in a previous study (rs = 0.66) 44. However, protein and mRNA 
expression levels were quite different between embryos and adult flies (rs = 0.59 for both protein 
and mRNA level) (Figure 5A and B). The adult/embryo ratios were plotted for protein and mRNA 
and a positive correlation was observed (Figure 5C). The Spearman's rank correlation coefficient 
observed (rs = 0.52) was similar to the one describe in a previous study investigating a Drosophila 
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brain tumor model (rs = 0.61) 45. When considering the genes quantified, 66% of the mRNAs and 
proteins showed consistent fold change directions with the remaining 34% showing fold changes 
in the opposite direction (Figure 5D). These observations suggest that for two thirds of the genes 
studied here when a mRNA is more abundant at one developmental stage it is also the case for 
the corresponding protein. 
 
Protein and mRNA levels comparison highlights differential and co-regulation of protein 
modules 
Next, the relation between protein expression and mRNA level was investigated for subunits of 
some protein complexes and protein modules (Figure 6). Interestingly, clear positive correlations 
were found between the proteins belonging to a common protein complex or protein module 
(Figure 6A, B, C, D and Figure S13A, B, C, D). However, while such correlations were observed for 
mRNA of protein modules linked with metabolism, such as TCA cycle (Figure 6H), glycolysis (Figure 
6G) and oxidative phosphorylation (Figure S13H), there was far less correlation for mRNAs 
encoding subunits of protein complexes such as ribosome (Figure 6E), proteasome (Figure 6F), 
TCP-1 Ring Complex (TRiC) chaperonin (Figure S13E), ATP synthase (Figure S13F) and eIF3 (Figure 
S13G). To account for possible effects on the dynamic range of abundances of proteins or 
transcripts, random sampling experiments were performed with the sample size matching the 
number of genes quantified in each protein module. This analysis strengthens the significance of 
the measured correlation for each protein module, at the mRNA or protein level (Figure S14A-B). 
A Fisher r-to-z transformation was performed to assess the difference between the correlation 
observed at the protein and mRNA level for these protein modules. For most of the protein 
complexes studied here, strong z differences were observed between correlations measured for 
mRNA and proteins (Figure S14). Indeed, for ribosome (zdiff = 9.6, p < 2.2E-16), proteasome (zdiff = 
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6.54, p < 2.2E-16), eIF3 (zdiff = 3.38, p = 0.0007) and ATP synthase (zdiff = 3.38, p = 0.002) significant 
differences could be observed between mRNA and protein correlations. This was not the case for 
the TRiC chaperonin complex though (zdiff = 1.34, p = 0.1802). Concerning metabolism related 
protein modules, significant differences between mRNA and protein correlations could be 
observed only for oxidative phosphorylation (zdiff = 2.21, p = 0.0271). For TCA cycle and glycolysis, 
no significant differences could be observed (zdiff = -0.56, p = 0.5755 and zdiff = 1.65, p = 0.0989, 
respectively). 
 
Taken together, these observations suggest patterns of post-transcriptional regulation for some 
protein complexes, most notably with the ribosome and proteasome (Figure 6A, B, E, F and Figure 
S14). Such patterns for protein complexes might be due to translation co-regulation of the 
subunits or complex stabilization when these macromolecular structures are assembled. These 
protein complexes are known to be particularly stable in eukaryotic cells (median half-life of 119, 
130, 168, 42 and 72 hours for proteasome, ribosome, ATP synthase, eIF3 and TRiC, respectively in 
non-synchronized NIH3T3 mouse fibroblasts) 46. On the other hand, metabolism related modules 
such as TCA cycle, glycolysis and oxidative phosphorylation seem to be co-regulated at the 
transcriptional level (Figure 6C, D, G, H, Figure S13D, H and Figure S14). Although, a significant 
difference could be observed between mRNA and protein correlations for oxidative 
phosphorylation, clear correlations were measured for both mRNA (rs = 0.77) and protein (rs = 
0.89) between embryo and adult fly (Figure S13D, H and Figure S14), still suggesting a co-





In this study we compared the proteome of Drosophila melanogaster in two extreme 
developmental states, the embryo and the adult fly. Many differences in protein expression could 
be observed between the two different states, suggesting very different proteomes (Figure 2, 
Figure S7 and Figure S8). On the contrary, we did not detect any significant changes in protein 
expression due to the presence of Wolbachia pipientis in embryos or adult flies (Figure S5). Deeper 
or organ focused studies may bring to light effects of this endosymbiont on the Drosophila 
proteome, but it does not seem to affect expression of the most abundant proteins at the level 
of the whole organism. 
 
The comparison between the embryo and adult fly proteomes revealed changes in expression of 
protein modules such as protein synthesis (ribosome and eIF3), protein degradation (proteasome) 
and metabolic pathways (TCA cycle, glycolysis and oxidative phosphorylation) (Figure 2 and 3). 
Interestingly, protein synthesis and degradation modules showed patterns of post-transcriptional 
regulation whereas metabolic related modules seem to be co-regulated through transcription 
(Figure 6, Figure S13 and Figure S14). This study highlights the importance of these protein 
modules across the life-cycle and suggests both transcriptional and post-transcriptional co-
regulation mechanisms are used (Figure 6, Figure S13 and Figure S14). Further study will be 
necessary to understand how these protein modules impact the developmental progression of 
the organism. 
Finally, we investigated how PTMs were distributed between embryo and adult fly (Figure 4) and 
were surprised to find that modified peptides generally followed the same trend as their 
corresponding proteins (Figure 4B, C and D). This suggests that PTMs do not appear to vary much 
between the two developmental stages, although we realise this conclusion is only applicable in 
the cases of the most abundant proteins and at the level of the whole animal. Regulation of PTMs 
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proteins in particular organs, at specific stages of development and for low abundant proteins, 
such as transcription factors, is surely of crucial importance for the development of an organism 
47,48. 
 
SUPPORTING INFORMATION:  
The following supporting information is available free of charge at ACS website 
http://pubs.acs.org. 
 
Figure S1. Verification of Wolbachia infection status of fly lines by PCR 
Figure S2. Reproducibility of the SWATH-MS workflow 
Figure S3. Pearson coefficient of correlation calculated between all the samples from pairwise 
comparison. 
Figure S4. Comparison of Wolbachia infected and cured samples 
Figure S5. Effect of Wolbachia pipientis on the embryo and adult fly proteomes 
Figure S6. Skyline validation of the SWATH-MS data 
Figure S7. Network representation of differentially regulated proteins between adult fly and 
embryo 
Figure S8. Proteins from glycolysis and TCA cycle are more abundant in adult fly compared to 
embryo 
Figure S9. Histones remain constant between embryo and adult fly 
Figure S10. MSMS spectra for acetylated histones and K48 ubiquitin linkage 
Figure S11. Extracted ion chromatograms of the peptide reporting K48 ubiquitin linkage 
LIFAGK[GG]QLEDGR 
Figure S12. Protein/mRNA correlation in adult fly and embryo 
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Figure S13. Correlation of Protein and mRNA components of modules 
Figure S14. Random sampling experiments with the sample size matching the number of genes 
quantified in each protein module 
Figure S15. Differences between Protein and mRNA components of modules correlation 
Table S1. Table containing the SWATH-MS data 
Table S2. Table containing the protein and mRNA data 
Table S3. Table containing the post-translational modifications data 
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Figure Legends: 
Figure 1: SWATH-MS workflow used to study the proteome of Drosophila melanogaster embryo 
and adult fly, infected with Wolbachia pipientis or cured  
A. Embryos and adult flies, infected with Wolbachia pipientis or cured (n = 5 for each condition), 
were lysed and proteins were extracted and digested in gel with trypsin. Peptides were analysed 
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on a Sciex Triple-TOF 6600 in SWATH acquisition mode. A spectral library produced in another 
study22 was used to analysed the data with Spectronaut. B. Coefficients of variation were 
calculated for each protein quantified between all the biological replicates for each sample and 
for all the adult and embryo samples. C. Pearson coefficient of correlation was calculated pairwise 
between all the samples analysed. D. Hierarchical clustering of the samples analysed based on the 
measured proteins intensities. 
 
Figure 2: Comparison of the embryo and adult fly proteome 
A. Volcano plot representing the log2 ratio (adult/embryo) for each protein quantified and the 
corresponding Benjamini-Hochberg corrected p-value. The blue, red and grey dots represent the 
proteins more abundant in the embryo, more abundant in the adult fly and not differentially 
expressed between the two developmental stages, respectively. Dashed lines represent the 2 fold 
change for proteins up- and down-regulated and the 1% FDR threshold. B-C. Results from KEGG 
pathway analysis for the proteins more abundant in embryos (B) and more abundant in adult flies 
(C). The number of proteins identified in each pathway (protein count) and the p-value (-log10 
transformed) are represented on the graphs. 
 
Figure 3: Differential expression of protein modules between embryo and adult fly 
A-F. Volcano plot representing the log2 ratio (adult/embryo) for each protein quantified and the 
corresponding Benjamini-Hochberg corrected p-value. The proteins belonging to proteasome (A), 
ribosome (B), eIF3 (C), glycolysis (D), oxidative phosphorylation (E) and TCA cycle (F) are 
represented of the graphs. G. Validation of the SWATH-MS by western-blot. The ratios measured 
by SWATH-MS are indicated on the right of the western-blot of the corresponding protein. 
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Histone H3 was used as a loading control as it was not found significantly differentially expressed 
in the SWATH-MS analysis. 
 
Figure 4: Analysis of post-translational modifications in embryo and adult fly 
A. Pie chart of the post-translational modifications (PTMs) (precursors) quantified in this study. B. 
Graph representing the log2 fold change (adult/embryo) for the PTMs identified and their 
corresponding proteins. Each PTMs are labelled with a specific colour. The Spearman's rank 
correlation coefficient between all the quantified PTMs ratio and their corresponding protein is 
indicated on the graph. C. Graph representing the log2 Intensity of the acetylated peptide ac-
SDSAVATSASPVAAPPATVEK of the histone H1 plotted against the log2 Intensity of the histone H1 
protein. The resulting Spearman's rank correlation coefficient is indicated on the graph. D. 
Western blot analysis of adult fly and embryo samples using acetylated lysine and histone H3 
antibodies. E. Abundance (Log2 transformed peptide intensity) of the peptide reporting K48 
ubiquitin linkage (LIFAGK[GG]QLEDGR) in embryo and adult fly. 
 
Figure 5: Transcriptome and proteome relationship 
A. Graph representing the embryo log10 protein intensities (calculated using the Top3 method) 
against the adult log10 protein intensities. The resulting Spearman's rank correlation coefficient is 
indicated on the graph. B. Graph representing the embryo log10 mRNA counts (calculated using 
the modENCODE data) against the adult log10 mRNA counts. The resulting Spearman's rank 
correlation coefficient is indicated on the graph. C. Graph representing the log2 fold change 
(adult/embryo) for the proteins identified and their corresponding mRNA. The resulting 
Spearman's rank correlation coefficient is indicated on the graph. D. Graph representing number 
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of protein/mRNA counts based on the direction of the fold change (adult/embryo) for the proteins 
identified and their corresponding mRNA. 
 
Figure 6: Correlation of Protein and mRNA components of modules 
A-D. Graph representing the embryo log10 protein intensities (calculated using the Top3 method) 
against the adult log10 protein intensities. Ribosome (A), proteasome (B), glycolysis (C) and TCA 
cycle (D) components proteins intensities are represented on the graphs. E-H. Graph representing 
the embryo log10 mRNA counts (calculated using the modENCODE data) against the adult log10 
mRNA counts. Ribosome (E), proteasome (F), glycolysis (G) and TCA cycle (H) components mRNA 
counts are represented on the graphs. The resulting Spearman's rank correlation coefficient is 
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Figure S2: Reproducibility of the SWATH-MS workflow  
 
A. Coefficients of variation were calculated for each protein quantified between technical 
(injection), biological replicates or across all the samples. B. Pairwise comparison between two 
technical (injection) replicates. Pearson coefficient of correlation is indicated on the graph. C. 
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Technical rep 1 0.998 0.998 0.997
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Rep 1 1.00 0.92 0.92 0.92 0.93 0.92 0.91 0.93 0.92 0.92 0.61 0.65 0.56 0.61 0.59 0.58 0.65 0.60 0.58 0.57
Adult Wp -
Rep 2 1.00 0.93 0.92 0.94 0.92 0.92 0.92 0.93 0.91 0.62 0.65 0.56 0.61 0.59 0.58 0.65 0.60 0.58 0.57
Adult Wp -
Rep 3 1.00 0.92 0.93 0.93 0.93 0.92 0.93 0.92 0.63 0.67 0.57 0.63 0.60 0.60 0.67 0.61 0.59 0.59
Adult Wp -
Rep 4 1.00 0.92 0.92 0.92 0.91 0.92 0.92 0.62 0.66 0.56 0.62 0.59 0.58 0.66 0.60 0.58 0.57
Adult Wp -
Rep 5 1.00 0.93 0.93 0.93 0.94 0.92 0.62 0.66 0.56 0.62 0.60 0.59 0.66 0.60 0.58 0.58
Adult Wp + 
Rep 1 1.00 0.92 0.91 0.92 0.92 0.64 0.67 0.58 0.63 0.61 0.60 0.67 0.62 0.60 0.59
Adult Wp + 
Rep 2 1.00 0.92 0.92 0.92 0.64 0.67 0.57 0.63 0.61 0.60 0.67 0.62 0.59 0.59
Adult Wp + 
Rep 3 1.00 0.93 0.91 0.63 0.67 0.57 0.63 0.61 0.60 0.67 0.62 0.60 0.59
Adult Wp + 
Rep 4 1.00 0.93 0.64 0.67 0.58 0.64 0.61 0.61 0.67 0.62 0.60 0.60
Adult Wp + 
Rep 5 1.00 0.65 0.68 0.59 0.65 0.62 0.61 0.68 0.62 0.61 0.61
Embryo Wp -
Rep 1 1.00 0.96 0.93 0.97 0.96 0.95 0.96 0.97 0.97 0.97
Embryo Wp -
Rep 2 1.00 0.89 0.96 0.93 0.91 0.98 0.96 0.94 0.94
Embryo Wp -
Rep 3 1.00 0.92 0.96 0.97 0.90 0.94 0.96 0.94
Embryo Wp -
Rep 4 1.00 0.96 0.95 0.97 0.97 0.97 0.97
Embryo Wp -
Rep 5 1.00 0.97 0.94 0.96 0.97 0.97
Embryo Wp
+ Rep 1 1.00 0.92 0.95 0.97 0.96
Embryo Wp
+ Rep 2 1.00 0.97 0.95 0.95
Embryo Wp
+ Rep 3 1.00 0.97 0.97
Embryo Wp
+ Rep 4 1.00 0.98
Embryo Wp




Figure S4: Comparison of Wolbachia infected and cured samples 
 
A-B. Comparison of average protein intensities between Wolbachia infected (Wp+) and cured 
(Wp-) adult fly (A) and embryo (B). Pearson coefficient of correlation is indicated on the graphs. 
C. Comparison of the average ratio adult/embryo protein intensities between Wolbachia infected 
(Wp+) and cured (Wp-) adult fly (A) and embryo (B) infected with Wolbachia (Wp+) and cured 
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Figure S5: Effect of Wolbachia pipientis on the embryo and adult fly proteomes 
 
A-B. Graphs representing the distribution of log2 ratio Wolbachia infected (Wp+) / cured (Wp-) for 
adult fly (A) and embryo (B). C-D. Volcano plot representing the log2 ratio Wolbachia infected 
(Wp+) / cured (Wp-) for adult fly (C) and embryo (D) and the corresponding Benjamini-Hochberg 
corrected p-value. Dashed lines represent the thresholds for log2 fold change of 1 and -1 as well 











Figure S6: Skyline validation of the SWATH-MS data 
 
A-D. Extracted ion chromatograms from the re-analysis of the data using Skyline are presented 
for peptides of Aconitate (A), ATP synthase subunit alpha (Protein bellwether) (B), Proteasome 
subunit alpha type-1 (C) and 60S ribosomal protein L4 (D). The adult/embryo ratio measured using 





Figure S7: Network representation of differentially regulated proteins between adult fly and 
embryo 
 
A-B. Graph representing the STRING analysis of the proteins more abundant in embryo (A) and 





Figure S8: Proteins from glycolysis and TCA cycle are more abundant in adult fly compared to 
embryo 
 
Graph displaying the enzymes involved in glycolysis and TCA cycle. Enzymes with name in blue, 

























































Figure S9: Histones remain constant between embryo and adult fly 
 
Volcano plot representing the log2 ratio (adult/embryo) for each protein quantified and the 
corresponding Benjamini-Hochberg corrected p-value. Histones are represented of the graphs. 
 
 
Figure S10: MSMS spectra for acetylated histones and K48 ubiquitin linkage 
A-C. MSMS spectra of the acetylated peptide acSDSAVATSASPVAAPPATVEK of the histone H1 (A), 
the acetylated peptide acKQLATacKAAR of the histone H3 (B) and the peptide reporting K48 



































Figure S12: Protein/mRNA correlation in adult fly and embryo 
 
A-B. Graphs representing the log10 protein intensities (calculated using the Top3 method) against 
the adult log10 mRNA counts (calculated using the modENCODE data) for adult fly (A) and embryo 
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Figure S13: Correlation of Protein and mRNA components of modules 
 
A-D. Graph representing the embryo log10 protein intensities (calculated using the Top3 method) 
against the adult log10 protein intensities. TRiC (A), ATP synthase (B), eIF3 (C) and Oxidative 
phosphorylation (D) components proteins intensities are represented on the graphs. E-H. Graph 
representing the embryo log10 mRNA counts (calculated using the modENCODE data) against the 
adult log10 mRNA counts. TRiC (E), ATP synthase (F), eIF3 (G) and Oxidative phosphorylation (H) 
components mRNA counts are represented on the graphs. The resulting Spearman's rank 
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Figure S14: Random sampling experiments with the sample size matching the number of genes 
quantified in each protein module 
 
A-B. Graph representing the skew-normal distribution fitted to the Spearman's rank correlation 
coefficient distribution of 1,000 random samples at the protein (A) and mRNA (B) level. The 





Figure S15: Differences between Protein and mRNA components of modules correlation 
 
Coefficient of correlations observed at the protein and mRNA level for these protein modules 
were transformed using Fisher r-to-z transformation to assess the difference between the 
correlations. A graph representing the z differences and the corresponding –log10 p-values for the 




Table S1. Table containing the SWATH-MS data 
Table S2. Table containing the protein and mRNA data 
Table S3. Table containing the post-translational modifications data 
 
